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Abstract: The Pseudomonas aeruginosa isolated from the clinical specimens has a mutation on the QRDR (quinolone

resistance determining region). There were obvious mutations in both gyrA and parC gene which are major targets of

quinolone. Simultaneous mutations were found two sites or more on these genes in all of ten strains. GyrB or parE gene

had only silent mutation without converted amino acids. We confirmed that P. aeruginosa from clinical specimens
exhibited decreased sensitivity to fluroquiolone due to changed Thr-83—lle and Asp-87—Asn types on gyrA and
altered Ser-87—Leu type on parC. This is the first finding that a new Met-93—Thr type on parC as well as mutations
on gyrB or parE genes differed from existing patterns. This study showed more mutations of gyrA rather than parC,

suggesting that change of Type IV topoisomerase is more serious than that of type IT (DNA gyrase).
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Quinolone Z A= M4
#o|m,
vt g o2 YHEO A= penicillin®]Y} cephalosporin @AY
Xﬂ = AgAgoll ofslA A=Y HFFA7 7Hsst
% & 7FA 2 ghvh =3 quinolone®] ¥ FH-E-2
fﬁxﬁ ’\]’% A o2 dAA = 2HE AU Se] g o
2, plasimidol] 9Jgh WM Fgo] o]Fox|R] gonm
2 o] EdA &3ttt (Fukuda et al, 1995). 252 3
F24<1 &A3AIQ] penicillina} cephalosporin, B-lactam 7| Amin-
oglycoside, tetracyclineol] W/Ado] & Hollm Yutzoz oF
7)ok olefd A= B8t quinolone”] FAYAE
o) o] Aol S 71 BT BAsHe B9 A
S A3 gom, 93T Aoyt 7)%% &4 S BHarg
= Yehdtt olEgt FARES SEIA ASHCE &
Fu AE AL E5l AMEE quincloned FE=ATE &
AR2 glon], TR o2 B ATt 9 Zol Ark
(Hallett et al., 1991). Quinolone A& Hete]ol X 5A
nalidixic acid’} 2 ZEZE X5 AEH o]&F ciproflo-
xacin?} levofloxacin, ofloxacin, norfloxacin, perfloxacin, sparflo-
xacin, trovafloxacin 5°] @&l gatolld AR5 ¢k Nali-
dixic acidv> @4 BolAo] FA, 47 T Al Y vyA
I A3=rt w3, A GA wEHA F g =t
A =, gk U g o] WidskA JYeheE 5
e8] 71K GAHES 7FX A AT (Gallertet al., 1977).
197013 ©]F A2AMth quinolone A7} AL o), A
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1419 quinolone Al vlal ME 2 ol gIlvth A3
At quinolone ¥7FA|= flumequin-fluorinated quinolone &=
2H =l oen, o7]dl= norfloxacin, enoxacin, ciproflo-
xacin 5°] ok OJAEE Blactam AL FFAl w]E}
WA BisE Ao} Hato] SR Ut Quinolone
A9 target site’™ DNAS] supercoil FEHIE FAI5HHA
DNAEA] F A7) DNA 715E BolFAY B 588k
topoisomerasell (DNA gyrase)2 & AT} (Gellert et al,
1976). ©] A gyrA geneollA] TH== subunit A (100 kDa)S}
gyrB genedl Al TH=3= B subunit (90 kDa) A E o] it} (Su-
gino et al,, 1980; Gellert, 1981). DNAY} HA57] $alx= 4=
22T T3 B e F MY strand?t EE]Hofok
st oluf swrandE FOIFIL TR ZEA7IE HA L subu-
nit A7} 3™, olof] a3t AR E A F3h= ATPase?] 7]
5% sub B7} ©23t} Mizuuchi et al, 1978; Gellert et al,
1979; Sugino et al., 1980; Maxwell and Gellert, 1984). Quinolone
2 gyrase subunit Aol ZH-£3l9 DNAEAIS Hsjisle 73
< Yo7tk Quinoloned] g #¢] WS e 344
o Hlste] AztslA] eFont AUBAESAAN Bol= 2
w02 25729 Enterobacteriaceae, 71T Zr2 2 Strepto-
coccus pneumoniae, Staphylococcus aureus, Klebsiella pneumoniae
ol Widel Yehva glot
MRSA (Methcillin resistant Staphylococcus aureus) 2 TS5l
AolA WS A7 AR s Q)

QAR g de W71 22 DNA gyrased] &
AWl 2 Quinolone®}e] 3} o] A AU (Cullen et al.,
1989; Cambau et al,, 1993), 1% 549 A% AXE 9ute]
T8 "oy quinolone®] & UFe £l AL
DAY, efflux pumpE 7FeAA 4t FYE quinolones ¥
o g yRue 7)1&E0] 2AE t} (Cohen et al,
1989; Cohen et al., 1998; Sreedharan et al., 1990; Yoshida et al.,
1990). °]2E WAFS X8 5 e A= FAAES
NEatr] fside Folao WAddl ik 7|12ks wrele
ol FR3tth oo £ ATE 2003 19 FF FAMA

E3] Pseudomonas aeruginosa}

Tl LY ERre) HAAM HES Pseudomonas
aemgmosa 34T FoA Ao BE Al S Rol

= UAGANAGET 108FE =38l Quinolone] A
A WAkl tialA A3t B3t Pseudomonas aer-
uginosa®] QuinoloneWjgel tldt WAHUSE Fol4 DNA gyr-
ase$} topoisomerase IV 2] QRDR (quinolone resistant deterni-
ning region)tHell 49| Ws}E 1815

ER-GT

1. A8

4

B Age AME #FE 20033 19 B9 24 &4 F
A wEEdd 4ds e AANAN AES
Pseudomonas aemginosa 3847 FollA HAN 5o xEl;g_Lo
2 A71949 =<1 1089 31 /HEEERE REE 1

59 L]'“*ﬂ WA Pseudomonas aeruginosas 01%3}9&‘1’4:

[0

FAH | 22 Ad 24

2. 279 SHIU FYHUSHUA

0

T+ FA-L Vitek system (bioMerieux, Inc., MO, USA)2]
GNI cardE, HA4Y
MIC):= Vitek system®] GNS434 card® A3} Th

A5 (minimum inhibitory concentration;

3. ABAL R J17

PCRol| AF&-3F PCR premix= Accupower PCR PreMix (Bio-
neer, Korea)Z A+8-319] Gene Amp PCR 2400 (PERKIN ELMER)
2 FE319% 9. PCR product®] A= QIAquick Gel Extra-
ction Kit (QIAGEN, Germany)Z A}-43}31.2™ DNA sequen-
cing2 Big Dye terminator TI £} Template Suppression Reagent
(Applied Biosystems, USA)E A}-£3t] DNA auto sequencer
(ABI PRISM 310 model: Applied Biosystems, USA)E ©]-8-38}¢]
sequencing3}53 T,

4. Genomic DNAS| &&|

P, aeruginosa®] single colonyE LB broth 4 mlel 3E3}

Table 1. Nucleotide sequences of the oligonucleotides used in this study

Name Nucleotide sequence Characteristics and usage
PaGyrA-F 5-AGTCCTATCTCGACTACGCGAT-3' Forward primer for gyrA QRDR
PaGyrA-R 5-AGTCGACGGTTTCCTTTTCCAG-3' Reverse primer for gyrA QRDR
PaGyrB-F 5-GCGGTGGACAGGAGATGGGCAAGTAC-3' Forward primer for gyrB QRDR
PaGyrB-R 5-CTGGCGGAAGAAGAAGGTCAACAGCAGGGT-3' Reverse primer for gyrB QRDR
PaParC-F 5-GAGTTCACCGAGCAGGCCTA-3' Forward primer for parC QRDR
PaParC-R 5-GCCTCGGTATAACGCATGGC-3' Reverse primer for parC QRDR
PaParD-F 5-CGGCGTTCGTCTCGGGCGTGGTGAAGGA-3' Forward primer for parE QRDR
PaParD-R 5-TCGAGGGCGTAGTAGATGTCCTTGCCGA-3' Reverse primer for parE QRDR
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37CoA 18AZF B HIYAIAA 15 ml wbeR H F
PAEE @4T, 15000 pm, 2235 Th Pelletd] TE buffer
(100 mM Tris-HCI; pH 8.0, 10 mM EDTA) 500 ploll A4 & 2]
70 ¥ 10% (wiv) SDSE HZFE7 05%7F HES 25 WA
7VBHAL invertingdted 65Tl A 1083F ¥H-2A]7)3 RNase
(20 mg/mhE 1 pl 22 37TolA 1A1ZF B¢t incubation] 7
o} Proteing A|7|3t7] el Y 52| phenols FH7}3}
o] vortexing® F 94 E2] 4°C, 15,000 rpm, 2)3ISiTH &
SIS A mbed] &V FY B39 phenol/chloroform/
isoamyl alcohol (25:24:1, v/v)S I vortex § UAEE] 4T,
15000, 28)3t5ch o] AR F W AE wEIG A
TR AZHE NEL etubeE A4 F o] F39 ice-
cold ethanol ¥} 5 M NaCl 16 jdE ¥ -70CoA 158 o)
X3 3 AAEE] @T, 15000 rpm, 2053 T 0% (viv)
ethanol = washing 314 15,000 rpm, 4C, 5%3F £
¥ pelletS 7AZA1A TE buffer 40 ploll FEHle] 20T B
U=

5. Primer AZ & polymerase chain reaction

P aeruginosa® genomic DNA’] gyrA, gyrB, parC, parE
gene2] QRDR (quinolone resistance determining region)2 <&
1 FHZFE Q7IMES 13T gyrAT (Gene Bank
accession number 1.29417) forward$} reverse primerE Z}Z} nu-
cleotide (nt) 320~341, 676~69711%] design3}31 1L gyrB= Gene
Bank accession number AB005881) nt 2582~2609, 3063~30920]
] parCE (Gene Bank accession number AB003428) nt 206~215,
521~54091 4 parEc (Gene Bank accession number AB003429)
nt 1223~1250, 1787~1814914] design 3t t}. 2+ oligonucle-
otideE-2] F71X €L Table 1] YERAITE PCR premix [Taq
DNA polymerase 1 U, dNTP= 212t 0.25 mM, Tris-HCI (pH 9.0)
10 mM, MgCl, 1.5 mM, AccuPower PCR PreMix, Bioneer] & A}

23l target geneS FEZ3IGUTE 10 pMO] FEE 4%
primerE 2} 1 W H713laL genomic DNAE 1,0009] 34
A1 g2 od, B FHFTE 17 W FUks AFE
71 20 w7t BEE 339 PCR2 thermal cycler (Gene Amp
PCR System 2400, perkin Elmen & A8} 3fslgic) =2
2 P aeruginosa gyrA gene 94°Coll~] 343} predenaturation
A2 & denaturation 94°C 30, annealing 55°C 303, extention
72C 175 30 cycles 538 F 72X 723} final incu-
bation 3FSIT}. gyrB, parC, parE gene annealing ->=%F 58°C
= g8tk

6. Agarose gel electrophoresis & DNA purification

Z 25 7} PCR productS-2 0.8% (w/v) agarose gel “Joll 4]
& th Gel 1XTris-acetate buffe (TAE;, 40 mM Tris-
acetate and 1mM EDTA,; pH 8.0)°] 0.8 g2] agarose® 7}l
THE3, 7)o PCR productZ loading 3l #719% 3131
t}. Loading®] B¢ F gelS 0.5 pg/ml9] ethidium bromide £
olof] =7} QA& T UV transilluminator (302 nm, Hoefer
scientific instrument)l| 4] 218} Polaroid type 667 filmS 2
Z33l3ith. DNAE QlAquick gel extraction kit (QIAGEN)S
AE-3ted A ZALe] AREHol wet BElsiich WA, gelol
A 98 =719) bandE =} 1.5 ml e-tubeo] ¥ gel F
Ale] 38 Fujol] HPEE QG buffers 78k 50T
1087+ WA gelzzto] @3] & Fol| column 22
=71 15000 pmoll A 187 YR columns 343t
g Wl T QG buffer 500 g H7Hste] 2 W
Hoz diliey & F 5dS Mok Washing BAIR
PE buffer 750 p13 d715te] 187 YAlEE] & 3544 o
2]3 PE bufferg 93] AAS] fJ8t] thAl 1837 44
2311t Coumng AMEL etbe® $3 F i FFHT
20 WE W1 up|wte 2 YARE 8 H, 20T AHEE

Table 2. MIC of P. aeruginosa used in this study

. MIC (pg/m))
No. of strains
Ciprofloxacine Ofloxacin Moxifloxacin Gatifloxacin
P. aeruginosa wild type <0.125 <0.125 <0.125 <0.125
PAl 64 128 >128 64
PA2 16 32 64 16
PA3 64 128 >128 64
PA4 8 32 32 16
PAS 8 32 32 16
PA6 128 128 128 32
PA7 128 128 >128 64
PA8 32 128 >128 64
PA9 128 128 128 64
PA10 64 128 128 64
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7= B asigict
7. DNA sequencing

DNA sequencing< DNA auto sequencer (ABI PRISM 310;
Applied Biosystems)E A-8-31%4 Big Dye-terminator 7] 2]
Hol| watr] A5tk PCR tubeol] template DNA 4 pi$} fo-
rward J reverse primerE 2 pl, Big Dye 4 pl, B THT
10 plE ¥ total volume 20 W= 25 ¥ sequencing PCRS
AAEI L. PCR 2L gyrA fragment= 96 CollA 5&3F
predenaturation, 25 cycles (denaturation 96°C, 10%; annealing
537C, 5%; extension 60, 43), 60°Co| A 587} final incubation
33tk gwB, parC, parE & ZtZ} annealing 2=% 55CE
2] 3tk PCR productoll ZH2} ethanol 50 pi$+ 3 M sodium
acetate (pH 4.6) 2 W& H7Ist -70ColA 1417t B¢ etha-
nol AZAAIZL F 15000 rpm, 4°CollA] 2587 A EElsto]
pellet& 22|31 TSR (template suppression reagent) 25 ploll pe-
llets =<4 94ColA) 487} incubationr] 7] § B}Z iced]
o} ¥kg-8 AHAAIZ] t}& DNA auto sequencer=. -413}3ITh
Computer 432 310 Genetic AnalyzerE E56}¢] £2{5}o] P
aeruginosa PAO12] gyrA, gyrB, parC, parE sequence®} H|nl3}
o] mutationg &<13}SI T}

2 o

1.

o

MEH EAUM ST (MIC)ANE

Vitek system®] GNS434 cardE AME3te] 3AA] 529 A
&% (minimum inhibitory concentration; MIC)A| g2 AA]gH

A= Table 23 2T}

2. Pseudomonas aeruginosa®| gyrA, gyrB, parC, parE
QRDROIM Q| mutation&HQl

1) gvrA, gyB, parC, parE gene2 PCRZ 3}

P aeruginosa2) 4712} geneS Table 13} 7] 4 449} primer
£ ARS8l PCRYHE 22 IAH PaGyrA, PaGyrB, PaparC,
PaparE primerg ©]-838l LA A EEE 10959 P
aeruginosa®lA] 28 DNAE F3 DNAR 3l FE3)
A3} gyrA 378 bp, gyrB 512 bp, parC 304 bp, parE 592 bp A7)
o] DNATHHES ¥ 4 UUrh Fig. 13 Fig. 2& PCR A%
o]t}

2) 103F9| gyrA, gyrB, parC, parE QRDROIA O
A 5}

gyrA mutations: 107] sample ZFollA gyrA2] QRDReIA]
opn] Al X gho] A RITE 831 codon] threonine (AAC)
o] isoleucine (ATC)C.2 ulAAY 87'H codon?] aspartate
(GAC)7} asparagine &2 R FE|Uc) o] FollA] 6719] isolate
ollA] double point mutation®] 1%} T} (Table 3).

gyrB mutations: YRFH S 2 mutation®] 7HE 7 A=
4649 codon?] serine (TCC)°Nl A S mutation®] A H 2] ¢kt
ow 1075 BFMA gyrB 49 ofF]:4te] mutation T
AxA] @drh 2w}t 3789 codondl alanine (GCG—GCA),
409 codon?] lysine (AAA—AAG), 4841 codon$! glutamate
(GAA->GAG) % 2~37}A]9] silent mutations= 7}3 #F5
o] AAFYTE AT PA6H FFolAE oFY Hs:
=R gkehcth

parC mutations: 1070¢] #5F 2% 87H codonT} 939 co-
donoll A Z}ZF mutation®] ZZAH AL 879 leucine (TCG)©)

Table 3. Amino acid changes resulting from mutations in gyrA4, parC and silent mutations in gyrB, parE -

Replacement in QRDR
i\tlfa'igi gyrA at position gyrB at position*? parC at position parE at position*®
83 (The-ACC) 87 (Asp-GAC) 87 (Leu-TCG) 93 (Met-ATG)
PAl Tle (ATC) - Ser (TTG)  Thr (ACG)
PA2  Ile (ATC) - Ser (TTG)  Thr (ACG) 362 Glutamate (GAA-GAG)
PA3 Tle (ATC) Asn (AAC) Ser (TTG)  Thr (ACG) 366 Gluta}matec (CA%%AG)
PA4 Il (ATC) - 378 Alanine (GCG—GCA)  Ser (TTG)  Thr(ACG) o noooine (TGO 0
409 Lysine (AAA—AAG) sparagines ( )
PAS5 Tle (ATC) - Ser(TTG) Thr(ACG) 448 Glutamate (GAA-GAG)
484 Glutamate (GAA—GAG) 472 Glycine (GGT-GGC)
PA6 Tle (ATC) - ¥ except PA6 strain. Ser (TTG)  Thr (ACG) 474 Serine (AGT-AGC)
PA7 Ile (ATC) Asn (AAC) Ser (TTG)  Thr (ACG) 477 Alanine (GCC-GCT)
PAS8 Ile (ATC) Asn (AAC) Ser(TTG)  Thr (ACG) 484 Isoleucine (ATC-ATT)
PA9 Ie (ATC) Asn (AAC) Ser (TTG)  Thr (ACG)
PAI0  De(ATC) Asn (AAC) Ser (TTG)  Thr (ACG)

*#% 2 or 3 slient mutation seen in Each strains. ** 5 or 6 slient mutation seen in Each strains.
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M 1 2

3 4586 7 89

500 bp—

<gyrA>

oM M 1

2 3 456 7 89

10 M

<gyrB>

Fig. 1. Agarose gel electrophoresis of the PCR products (512 bp) amplified using PaGyrB-F and PaGyrB-R primers. M; 100 bp ladder

maker. Lane 1~10; PCR products from P. aeruginosa (PA1-PA10).

M1 2 3 456 7 8 9

300 bp—

<parC>

10 M

M 12 3 45 67 8 9 10M

<park>

Fig. 2. Agarose gel electrophoresis of the PCR products amplified using PaParC (304 bp) and PaParE (592 bp) primers. M; 100 bp
ladder maker. Lane 1~ 10; PCR products from P, aeruginosa (PA1-PA10).

serine (TTG)C.=, 93 methinone (ATG)©] threonine (ACG)L.
2 olm|iabEe] X & ATh

parE mutations: parEXE gyrBSt vFRIZIA| R ol wAke] W
3= AT, 3629 glutamate (GAA—GAG), 366% gluta-
mine (CAA—CAG), 367H leucine (CTG—TTG), 374¥ aspa-
ragine (AAC—AAT), 448 glutamate (GAA—GAG), 4721
glycine (GGT—GGC), 4741 serine (AGT—AGC), 4779 ala-
nine (GCC—GCT), 4849 isolencine (ATC—ATT) & 5~67F4

o]4+9] silent mutationsrS F 3T}

[l

XA

Fluoroquinolone Al &= 154 7} "o‘:’H A A2
de] AMEEIL e, HE e 5 28Tl dE
o] ZhsE A2 AAE] *]’%5]7] A &S A
AFEa ek 2719 9FAIQ) nalidixic acid, pipemidic acid,
oxolinic acid ¥ flumequine<> ZH-S4 Aol thah &3

o

T vjwd okElm o5 S|, A, = group T qui-
nolone®| 2} 3Hc}. 1980~1990d thell AH8-57] A& cipro-
floxacin, enoxacin, ofloxacin, pefloxacin, fleroxacin, sparfloxacin,
levofloxacine 3717} P aeruginosa 5ol 742 ¥olx| 1
o] FellFen, &S FHS X group 1T quinolone
olgtal 3ttt 1990 ol EoiA sidE EYA Al B
= #7144 Mol W drEE %< moxifloxacin, gatiflo-
xacin, gemifloxacijn, sitafloxacin< group Il (A4AIhEFLE 3,
e 357 249 X848 quinoloneo]2til 3 & sk
fluoroquinolone®] wiH-ES 1P Aol I It
2 =ol7] $3t Aol &2 fluoroquinolone WAl

7tEl 1 9=l fluoroquinolone Aol wEbAE nARA
BE7F o2 Aol Adx, T £33 ks 9] A%
ATEC] T AUTE

Quinolone®F A2} 2F2- K32 M2 type Il topoisomerase
Z, DNAgyrase (topoisomerasell)2} topoisomerase IV©] T}, DNA-
negative &3} 3o

o Jf o

gyrase$} topoisomerase IV DNAE
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ZA] DNA 5AE 71 s &4, quinoloned ©}
85 st Al F4E AAgTE ek Aol qu-
inolone®] 2H-8-F 4 Q] DNAgyrase (topoisomerasell)$} topoiso-
merase IV} gene mutations ¥ 03224 & quinolone 2FA]
o Aol opr)e)t. & A7olAE target gene QRDRS]
mutation®] & HA371H 9] AFE AP3UTh

Gyrase A subunit®} o}9|:=At gl Zui2h8 229 Tyr
122 A8 BEAEAA dolgo] ofe] AldtelA] #aH
Ack. #Msh= Ala677 GlnloeAtele] TgE FofA doi
U, o] 949E quinolone WA ZA 44Y (QRDR)®|ZH
et o Ate] Wizt Fo A Ser83o] 71 Egtul, o]
717 Aol Rzt E opv|xqto 2 nirE Gk
quinolone’3-& HEPAT) F2e] 7Fol slolx 74
TF9] GyrA83 A+ serine®lth. Z#Y} P aeruginosa®l |
= serine A1l threonine®] AT} P aeruginosa 7} E. coli B
o} AHF-E quinoloneel] WiEk Aol RS AL o] Ao
ygoz odAc) 2 AT 100F BF grad ¥
5H= 834 threonine©| isoleucine 0.2 o}w|i=Ake] wWoj7t 1}
Ebstth St 9 75 879 Aspartic acid”} Asparagine 2.
Hol& el olidt gyAe] W3l 7|E9 v AT
Aol YR30} (Takaaki et al, 2001). parC gene®| mutation
a=de Ylo] Ertar B E T (Takaaki et al,, 2001).
B A7l A8 EE FF9Y MIC gho] 7|&e Bud

2 ATE v A% & AL parC gene®| point
mutation®] 7]91& Ao Z AlRETH 1075 57} parcol
9] Ser-87—Len W3t 1] 7|E9 Wsle}l AA e Yt
Witk SARE AF7ER] @Sl E $IRE parCe] Metr
93—Thr type©] 1075 BTl Uehd & Ajzo] ¥t
A Aoz Ay 223, gyrBS parE’d2] mutationE %
A7t e Fejeke the FE BYlth op|Ake] wizhes
§lo] salient mutation®] THFSHAl AAe] ol el

£ dFdM= quinolone®] FE BAQL gyrA RY parC
oA 9] mutationo] B} B2 Ao g el Type MHEUF Type
IV topoisomerase?] W3}7} v Wol] YEEE HAFJT.
Fluorquinotone®] W43 7] Aol = target gene (QRDR)Y muta-
tion®|°ll porin el 93t 9t F3pAJe] TA T efflux
pump®ll &J§F FAA ] 7= Fo| AUrh B AT target
gene®] mutationol] B AT A PHATE & Ao AR
H 7FE59] quinolone LEWA Sl EHZQI 714S w7
el M= A, porin 22 efflux pumpl] t3F WA 772
A77t FRHor & o AZHr) B ATE Seque-
ncing & F3F] AN B2 H Pseudomonas aerugi-
nosa® QRDR®| mutation®] &3S & 4= Uk 71U
© ule}l 20| quinoloned] F EAQU gyrA, parC geneoll A

mutation®] FEHF oW 1075 ZF ol F3A F &

o o]dolA FAlel mutationo] YoIntE &<l ik
gyrB Y parE genedl| A= silent mutationT FHEE] o}
nieqke] XEE #EEA] sl BAE e
22l P aeruginosa®) fluroquiolone®l] Wigh A Ak
gyrA’3e] Thr-83—le A3} type, Asp-87—Asn W3 type?
parC A1) Ser-87—Leu W3} typeo] WA W3Rl Ao=w
g A Qled £ A7 E ade] FHEHATE Eut
olyel X|F7kA] Eaidole Y parCS Met-93—Thr
typeo] AMZo] Bl&{FTE 28], gyrBY parE’dSl mu- tation
£ AE7HAe Feos v s Bt 2 A7
A+ quinolone®] T EAQA gyrAH T} parColl A2 muta-
tion°o] T B 222 UE Type IETH Type IV topo-
isomerase®] W2}7} o] A2tk 1o oA
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